Background: 18 F-Fluorodeoxyglucose positron emission tomography-computed tomography ( 18 F FDG PET/CT) has been used previously in the staging of the bladder cancer patients. Its main role was to detect regional nodal metastatic spread as well as distant organ metastasis but it was limited in detection of the primary neoplasia and the local tumor recurrence in the urinary bladder due to the presence of excreted radiotracer in the urinary tract, masking the urinary bladder lesion and probably the adjacent small regional metastatic lymph nodes. The aim of this study was to highlight the efficacy of delayed post-diuretic 18 F-FDG PET/CT in staging and restaging muscle invasive urinary bladder cancer (MIBC), allowing metabolic evaluation of the primary disease, in addition to detection of associated metastasis which in turn can help to determine the best clinical decision for patients. This prospective study included 35 patients with MIBC, divided into two main groups: group A (18 patients) coming for initial staging and group B (17 patients) coming for post-therapeutic assessment. All patients of both groups were analyzed by a multidisciplinary team and the clinical decisions before and after PET CT were analyzed. Results:
In group A, 7/18 patients were upstaged with consequent changing in therapeutic management. No downstaging was reported. In group B, the response was reported in 11/17 patients where they proceeded to radical surgery with an excellent agreement to pathological findings. 3/17 patients were stationary and 3/17 patients were progressed. PET/CT helped in the determination of the best treatment decision in 68.6% of patients among both groups.
Conclusion: Delayed post-diuretic PET/CT imaging is an important diagnostic tool in evaluation MIBC patients, which may consequently help to determinate the best clinical decision for them.
Background
Carcinoma of urinary bladder represents 7% of all malignancies in males and 2% of all malignancies in females [1] . Transitional cell carcinoma (TCC) is the most common histologic type of urinary bladder cancer [2] . The most common imaging modalities used for diagnosing bladder cancer are US (ultrasonography), IVU (intravenous urography), CECT (contrast-enhanced computed tomography), and MRI (magnetic resonance imaging). A variable-sized urinary bladder soft tissue mass with frequent infiltration of a vesical wall or extravesical extension is the most common radiological appearance of a primary urinary bladder tumor on these different imaging modalities [3] . Chest and pelviabdominal CECT are the commonest radiological tool for the staging of bladder malignancy. They depict the extravesical extension accurately [4, 5] . However, both MRI and CECT may overestimate the local disease because their findings are based on changes in the morphologic criteria of the lesion, which may be changed due to an inflammatory response to the tumor or recent biopsies that may not correlate with malignancy [6] . 18 F-Fluorodeoxyglucose positron emission tomography-computed tomography ( 18 F FDG PET/CT) has been used previously in the staging of the patients diagnosed with bladder cancers, but with limited success [7] [8] [9] . Its main role was detecting regional nodal metastatic spread, as well as, distant organ metastasis with a 70 and 94% sensitivity and specificity, respectively [7] . Primary tumor detection and the local tumor recurrence in the urinary bladder are limited due to the presence of excreted radiotracer ( 18 F FDG) in the urinary tract, masking the urinary bladder lesion and probably the adjacent small regional metastatic lymph nodes [9] . Possible retrograde irrigation with doublelumen Folly's catheter may be used but was not applicable, due to invasive technique. An alternative method, thus, reducing the urinary bladder radioactivity without alteration of the tumor uptake is needed. Diuretics are the most suitable for this aim, as they are enhancing the elimination of the excreted 18 F FDG by kidneys without interfering with the 18 F FDG uptake in vesical tumor [10] [11] [12] . Also, in lesions with high radioactivity backgrounds, such as those in the bladder, may allow differentiation of high-activity bladder lesions from the highly active urine-background [13] .
The aim of this study was to highlight the efficacy of delayed 18 F FDG PET/CT in staging and restaging muscle-invasive bladder cancer (MIBC), following administration of diuretics, overcoming the excreted 18 F FDG from the bladder allowing metabolic evaluation of the local primary disease, as well as, detection of the associated nodal and distant metastasis.
Methods

Patients
The study was performed from April 2016 till June 2018, included 35 patients who were referred from a clinical oncology unit. Approval of the institutional review board was obtained before the start of this prospective study.
The patients were divided into two major groups. Group A (18 patients), coming for further initial PET/ CT assessment [after conventional diagnostic CECT chest and pelviabdominal studies] before proceeding to radical surgery. Conventional CECT data were including tumor size, site, and extensions, as well as regional/nonregional nodal enlargement [more than 10 mm]. Pelvic lymph nodes including the internal and external iliac lymph nodes were considered regional lymphadenopathy [N1 and N2], while common iliac and other LNs above the aortic bifurcation were considered non-regional lymphadenopathy [N3].
Group B patients coming for post-therapeutic follow up where response to treatment was evaluated by comparing pre and post-therapeutic 18 F FDG PET/CT, and clinical decisions were evaluated accordingly.
Pathological findings among the responding patients (11 patients) who proceeded to radical surgery were compared to the post-therapeutic PET/CT clinical findings.
The patient characteristics are detailed in ( Table 1 ). All the patients underwent 18 F FDG PET/CT with postdiuretic delayed images and all studies were performed after written consent from the patients. 18 
F-FDG PET/CT technique
All patients were fasting at least 6 h before the examination. Prior to intravenous injection of 18 F-FDG, the blood glucose level was less than 180 mg/dL. 9-15 mCi of 18 F-FDG was injected intravenously. Scanning by a hybrid PET/CT scanner (Philips® Ingenuity TF128 multislice computed tomography (CT) scanner, USA) was performed 60 min after injection. Initial CT acquisition was done without intravenous contrast injection, followed by the PET scan. CT images were taken first, from the head to mid-thigh, using 110 mA, 110 kV, 0.5 s tube rotation time, 3.3 mm section thickness (matched PET section thickness). After CT scanning, PET scan covering the same field of view was obtained immediately. The acquisition time was 2 min per table position. PET images were transferred to a workstation to be reconstructed and displayed in axial, coronal and sagittal planes.
Delayed post-diuretic 18 F-FDG PET/CT imaging protocol
Immediately after the completion of the acquisition of the whole-body PET/ CT data. All patients were injected with 20 mg of furosemide intravenously, followed by oral hydration by water (0.8-1 L) and informed to void frequently then hold urine to allow maximum bladder distension. The excretion rate following diuretic is increased, so the washout is rapidly expected, and clearance of urine activity occurs after 30-60 min. Pelvic PET/CT images were then acquired using the same parameters as detailed above about 1 h after diuretic injection. 
PET/CT images interpretation
The obtained initial and delayed post-diuretic images were reviewed on a high-resolution computer screen and interpreted by an experienced radiologist and nuclear medicine physician independently. Initial and delayed PET/CT images were reviewed in axial, sagittal, and coronal planes. Any focal areas of abnormal FDG uptake were recorded and measured using maximum standardized uptake value [SUVmax] . In group A, PET/ CT staging was done compared to diagnostic conventional CT findings of the chest and pelviabdomen [done within 30 days before the PET/CT]. In group B, posttherapeutic PET/CT restaging was done, with comparison of the pre-therapeutic PET/CT findings, for the primary and secondary lesions both morphologically and metabolically.
Statistical analysis
The collected data was revised, coded, tabulated and introduced to a PC 
Results
In group A, the results of the 18 patients which were presented for their initial diagnosis ( Table 2) were as follows:
I. Conventional imaging and FDG PET/CT staging were consistent in 11 patients (61.1%) which does not change the plan of their treatment. II. Seven patients (38.9%) were upstaged as follows:
Five patients were upstaged to T4b or N1/N2 disease which changed their plan of treatment to systemic treatment before going to radical cystectomy and re-evaluation after 3 months. Two patients were upstaged to metastatic disease due to the presence of non-regional metastatic lymph nodes ( Fig. 1) or lung/bone metastasis on PET/CT and were not shown in CECT which changed the aim of treatment from curative to palliative intent.
In group B, the results of the 17 patients which were presented for post-therapeutic follow-up (Table 3) were as follows: 3 out of 17 patients (17.65%) had stationary disease, 11 out of 17 patients (64.7%) show response after the therapeutic management they received (Fig. 2) , and 3 out of 17 patients (17.65%) show progression of their disease ( Fig. 3 ).
All the responding patients proceeded to radical surgery and pathological staging was compared to post-therapeutic PET/CT staging. There was excellent agreement (K = 0.792) between PET/CT findings and pathological findings as regard N staging, as 75% of N0 cases by PET/CT had the same staging by pathology, also 100% of N1 cases by PET/CT were similarily determined by pathology (Table 4) .
Also, there was excellent agreement (K = 0.838) between PET/CT findings and pathological findings as regard T staging, as 100% of T2 and T3 cases diagnosed by PET/CT had the same staging by pathology; however, none of T4a cases diagnosed by PET/CT were similarly determined by pathology, as 50% were diagnosed as T3B and 50% as T4B (Table 5) .
So, F18 FDG PET/CT helped in the determination of best treatment decision in 68.6% of patients among groups A and B. 
Discussion
Non-invasive imaging is of great value in the staging of MIBC [14] . Many investigators have considered 18F-FDG PET is of no value in detecting localized urinary bladder cancers [15, 16] . This limitation has been predominantly attributed to the urinary excretion of 18F-FDG. The concentrated activity in the urinary bladder made the mural lesions evaluation difficult [16] . To overcome these limitations of 18F-FDG PET imaging, washing out the excreted 18F-FDG in the urinary bladder is mandatory. Using diuretics before the acquisition, or post-void imaging, or retrograde irrigation of the urinary bladder with a double-lumen Foley catheter, or other tracers were tried by some investigators to improve the sensitivity of PET imaging. A study conducted by Anjos et al. including 17 patients reported that detection of residual or locally recurrent urinary bladder tumors was dramatically improved using 18 F FDG PET/ CT with delayed imaging following intravenous injection of furosemide as well as oral rehydration [10] . Another similar study conducted by Kamel et al. evaluating the role of forced diuresis in the improvement of diagnostic accuracy of pelviabdominal 18 F FDG PET in 32 patients.
Coupling of forced diuresis with parenteral hydration eliminated any significant 18 F FDG activity from the lower urinary tract in 31of 32 (97%) patients after voiding the urinary bladder 3 successive times. This study concluded that the furosemide challenge was noninvasively resolved the inherent 18 F FDG contrast handicap in the lower urinary tract [17] . Compared with conventional imaging, several studies found that FDG PET/CT scan has better diagnostic accuracy for the detection of metastatic deposits or other unexpected malignant tumors [18] [19] [20] . Nayak et al. found that CECT and PET/CT studies had a 44 and 78% sensitivity, respectively in detecting nodal metastasis [21] . Also, a study by Kibel et al. including 43 patients with negative CT as well as, bone scans and PET/CT detected histopathologically proven nodal metastatic infiltrates in 7 out of 9 patients, displaying sensitivity, specificity, positive predictive value, and negative predictive value of 70%, 94%, 78%, and 91%, respectively [7] . Another review study done by Bouchelouche et al. concluded that 18 F FDG PET/CT was a useful imaging tool in detecting metastatic disease [22] . The present study was carried out to evaluate the importance of delayed post-diuretic FDG PET/CT in initial staging and restaging of 35 patients diagnosed with MIBC and how this was reflected on the treatment decisions of these patients.
In group A, we found a significant difference between FDG PET/CT and conventional imaging staging. Stage migration, due to upstaging by FDG PET/CT occurred in 38.9% of patients of group A, with major changes in management occurred as a result, both in the selection of treatment method (from direct cystectomy to neoadjuvant chemotherapy for better systemic control) and in overall treatment intent (from curative measurement to palliation), which means that important changes in the therapeutic management and plan of treatment of these patients was done.
In group B, FDG PET/CT helped in good evaluation of patients pre-and post-therapeutic disease (whether stationary course, upstaging, or downstaging of the disease) which helped in proper decision making accordingly.
Other many previous studies have tried to evaluate the impact of FDG PET/CT imaging on the management of patients. A study by Apolo et al. including 57 patients, presented with bladder malignancy revealed that FDG PET/CT detected more malignant disease in 40% of patients than conventional CE-CT or MRI. Questionnaires on intended patient management were completed by oncologists before and after FDG PET/CT to determine how these findings had an effect on patient management. They reported that planned management in 68% of patients had changed by clinicians based on the FDG PET/CT findings. However, an important limitation of this study was the possibility of disease progression between conventional CECT and FDG PET/CT, since the time interval between them was not determined. Moreover, the method and extent of conventional staging were unclear. Therefore, the results of their analysis may not reflect the true clinical impact of the additional diagnostic data from FDG-PET/CT imaging [8] .
Another study by Laura et al. reported that, in 13.5% of their patients with urinary bladder cancer, the treatment was changed on the basis of FDG PET/CT results (due to FDG PET/CT upstaging), and treatment plan was changed in 4.2% of patients due to detection of second primary tumors by FDG PET/CT. However, their study was limited by their retrospective design in the form of retrospective assessment of preferred treatment before and after FDG PET/CT which would reflect that the categories used for decision and change in management might be inappropriate and underestimated [23] .
A unique feature in the present study is that in group A, the additional diagnostic value of FDG-PET/CT study was compared with conventional imaging that performed within 30 days before FDG PET/CT examination to minimize the possibility of disease progression between the two imaging studies. Post-diuretic FDG PET/CT when was done pre and post-therapy for patients in group B was able to give us a proper evaluation of the primary bladder lesion besides its role in the detection of metastasis in the rest of the body, which helped in proper decision making and accurate therapeutic plan for these patients.
One more advantage over the other studies is that pathological staging for all patients who showed response and proceeded to radical surgery was compared to post-therapeutic clinical staging by PET/CT evaluating its efficacy in the staging of MIBC patients.
Another good feature of the current study is that the 35 patients included in the study were evaluated prospectively within a clear treatment plan according to the most recent guidelines which make the changes in the treatment plans and treatment decisions appropriate and accurate, allowing for true evaluation of the clinical impact of additional diagnostic information from FDG PET/CT.
However, this study is limited by the small number of the included patients and future studies with the larger patient samples are required to assess the efficacy of delayed post-diuretic 18 F FDG PET/CT imaging in the initial diagnosis and follow-up of MIBC patients.
Conclusion
Post-diuretic delayed 18 F FDG PET/CT imaging is an efficient diagnostic tool in the evaluation of MIBC patients, whether coming for initial staging or restaging following initial therapy, which may consequently affect the therapeutic management of these patients and decrease the possibilities of false decisions. 
